In this study on a group of hemodialysis patients, we found that plasma renin activity in the intradialytic hypertension group increased during dialysis and after dialysis compared to pre-dialysis, while in the control group it decreased after dialysis compared to pre-dialysis. 
Introduction
Acute complications such as lowering blood pressure, hypertension and muscle cramps may impede easily dialysis procedure in uremic patients. Meanwhile, lowering blood pressure is more common and its mechanism is clear. However the mechanism related to raising blood pressure remains uncertain (1) . There is no single definition of intradialytic hypertension (IDH) and a few criteria for this diagnosis are briefly presented. Amerling et al mentioned the IDH definition of an increase of 15 mm Hg from the mean blood pressure between the onset and end of dialysis (2) . Some researchers have argued that increased blood pressure in dialysis can be a constant increase in blood pressure (BP) during dialysis or at the end of dialysis or when dialysis begins and thus believed that the definition is not necessary to limit to numbers DOI: 10.15171/jrip.2018.38 and ranges. In other words, repeating the phenomenon during dialysis sessions should be a warning and requires a clinical decision. The patient may have normal blood pressure during dialysis, but during the hemodialysis (HD) session, the patient's blood pressure may raise during and at the end of the session. This may also occur in people who have high blood pressure before dialysis and during dialysis (at checkout every hour) and when it finishes. This increase in blood pressure may be severe and accompanied by hypertension crisis. Intradialytic hypertension not only occurs in patients who initiate dialysis treatment (incidence) but also occurs in patients who are dialyzed for months or years (prevalence). Intradialytic hypertension is reported in about 10% of patients with hemodialysis. Amerling et al also reported an overall prevalence 8% for IDH in hemodialysis patients (2) (3) (4) . In the study of Dorhout, this phenomenon has been reported in 5% to 15% of patients (5) . Additionally, Inrig et al found that 12.2% of the patients suffered this problem (6) . Hypertension is associated with long-term and shortterm complications during dialysis. Numerous studies evaluated the importance of blood pressure have actually considered systolic and diastolic blood pressure before and after dialysis. In a study by Zager et al (7) on patients with systolic blood pressure 180 mm Hg or diastolic blood pressure 90 mm Hg after dialysis, the risk of cardiovascular morbidity and mortality increased by 1.96 and 1.73 times and the survival of patients was shown to be affected by IDH (7) . If hypertension after dialysis is applied as a predictor of hypertension during dialysis, these data can indicate that hypertension during dialysis may be associated with adverse consequences. In this regard, an increase of 10 mm Hg of blood pressure during dialysis in dialysis patients can be associated with an increase in the risk of hospitalization and death (8, 9) . In patients with an increase of only 10 mm Hg in blood pressure and systolic blood pressure by more than 120 mm Hg in pre-dialysis period, increase the risk of death is expected. The increase in blood pressure during dialysis is due to overactive renin-angiotensin system (RAS) and sympathetic nervous system (SNS) in response to rapid ultrafiltration. The excessive activation of SNS and RAS reflexes results in a rapid or severe reduction in intravenous and cardiac preload leading load activation and cardiopulmonary reflux, which causes central sympathetic stimulation (10) (11) (12) . This theory is still in doubt, but pathogenesis is believed to be more complicated might be related to the volume of extracellular fluid, peripheral vascular resistance, and the activation of sympathetic nervous system and renin-angiotensin system.
Objectives
In Iran, there is no published clinical report on the incidence and prevalence of hypertension during dialysis and the relationship between hypertension during dialysis and other variables. The aim of this study was to determine the prevalence of hypertension during dialysis and its effective factors in chronic renal failure patients undergoing chronic hemodialysis treatment to achieve early diagnosis of hypertension during dialysis, to identify its risk factors, and to prevent its complications in patients undergoing chronic hemodialysis.
Patients and Methods

Study design
In a prospective cohort study, patients with end-stage renal disease (ESRD) undergoing hemodialysis (dialysis three times a week and 4 hours for each session) in the hemodialysis department of Imam Khomeini hospital were studied. Patients who had a specific infection or received intravenous fluids during hemodialysis or had hypotension during dialysis were excluded from the study. Patients entered the study on the condition that they had informed consent and assured that all information was confidential and the record checklists were unnamed. Patients who had normal or elevated BP at baseline and faced with elevating mean arterial blood pressure by 15 mm Hg between beginning and end of dialysis or had raised blood pressure within four consecutive dialysis sessions were considered as high blood pressure during dialysis. Demographic data and medical findings related to patients including age, gender, weight, height, duration of chronic hemodialysis treatment, smoking, history of heart disease, hypertension, diabetes, hyperlipidemia, and history of used drugs such as erythropoietin and its doses were collected by an interviewing and recorded in the study checklist. The patient's blood pressure was assessed through the hand without vascular access before the onset of hemodialysis. Patient heart rate was first checked hourly and then at the end of dialysis. The venous blood sample was taken after at least 12 hours fasting for assessing the serum levels of triglyceride, total cholesterol, HDL-C, LDL-C, sodium, potassium and hematocrit just before hemodialysis. Serum levels of hematocrit and plasma renal activity, sodium and potassium were measured immediately after dialysis. Samples for each specific test were examined by a single specific kit. To measure the levels of HDL-C, LDL-C, sodium, potassium, hematocrit, triglyceride, and total cholesterol, kits provided by the Pars-Azmoon Company, Iran. The adequacy of dialysis was determined using the Kt/V urea formula, where K is urea clearance in ml per minute, t is the length of an HD session in minutes, and Vis the volume of distribution of urea in milliliters which is assumed to be equal to total body water (TBW). Patients selected for study underwent regular hemodialysis using dialysis bicarbonate. Dialysis was performed on the basis of a normal Fresenius 4008 device and a lowflux polysulfone dialyzer. The dialyzer temperature was maintained at 36.5°C. Individual ultrafiltration values (specific for each individual) were kept constant to achieve a dry weight. The cross section was 1.7 m 2 . The blood flow velocity was 200-250 mL/min and dialysis fluid flow rate was 500 mL/min. For all patients, the steady state of sodium, magnesium, calcium and other electrolytes were used in dialysis fluid. The amount of ultrafiltration was maintained constant over time. Dry weight of patients was evaluated through clinical evaluation with test and error. In summary, dry weight was evaluated on the basis of regular examination during dialysis sessions.
Ethical issues
Study related information was explained to all patients and informed consent was obtained. The research followed the tenets of the Declaration of Helsinki. The Ethics Committee of Tehran University of Medical Sciences approved the study. This study was conducted as the nephrology fellowship of Bahareh Hajisalimi in Tehran University of Medical Sciences.
Statistical analysis
For statistical analysis, results were presented as mean ± standard deviation (SD) for quantitative variables and were summarized by absolute frequencies and percentages for categorical variables. Normality of the data was analyzed using the Kolmogorov-Smirnov test. Categorical variables were compared using chi-square test or Fisher's exact test when more than 20% of cells with an expected count of less than 5 were observed. Quantitative variables were also compared with t test or Mann-Whitney U test. For the statistical analysis, the statistical software SPSS version 16.0 for Windows (SPSS Inc., Chicago, IL) was used. P values of 0.05 or less were considered statistically significant.
Results
Of 88 eligible patients, 17 (19.3%) had hypertension within dialysis, which was compared with the same proportion of people who did not have hypertension. Comparison of demographic and clinical characteristics of patients in both hypertensive and normotensive groups showed no significant difference in age, weight, height, body mass index, lipid profiles, and dose of erythropoietin. The mean dose of erythropoietin in the group with hypertension during dialysis was numerically higher than the non-hypertensive group during dialysis but was not statistically significant (Table 1) . Of patients without hypertension during dialysis, 8 (47.1%) were male and 9 (52.9%) were female. In the group with hypertension during dialysis, 8 (47.1%) were female and 9 (52.9%) were male. The two groups did not have a significant difference in gender (P = 0.7). The history of diabetes in those with and without dialysis-related hypertension was 43.8% and 31.3% respectively with no difference (P = 0.4). There was also no difference in the previous history of hypertension between the groups with and without raising blood pressure within dialysis (67.5% versus 70.6%; P = 1.0). The two groups were also similar in the history of smoking (P = 1.00). The most common underlying disorder in both groups with and without raising blood pressure during dialysis was diabetes followed by hypertension (Table 2) . Similarly, no difference in anti-hypertensive drug administration between the groups with and without raising blood pressure within dialysis was detected (17.6% versus 29.4%; P = 0.6). Of patients under study, 10 cases in the affected group and 10 in the non-affected group used angiotensin converting enzyme inhibitor (ACEI), which was not significantly different. The drug commonly used in both groups was losartan. Of patients under study, 4 patients in the affected group and 4 in the nonaffected group used beta-receptor blockers, which was not significant. Also, three patients in the hypertensive group and five individuals in the normotensive group consumed other lowering blood pressure medications while the difference between these two groups was not significant (P = 0.2). Another drug administered in patients was calcium channel blockers that six cases in each group used this drug (including diltiazem in a case and amlodipine in five cases of each group). As shown in Table 3 , there was no difference between groups in the changes of hemodynamic parameters (blood pressure and heart rate), duration of dialysis and ultrafiltration, serum electrolytes, plasma renin activity, and hematocrit after dialysis as compared to before dialysis session. We could not also find any difference in the prevalence rate of heart diseases including ischemic heart disease or heart failure across the two groups with and without intradialytic hypertension ( Table 4 ). The adequacy of dialysis was equal to or greater than 1.2 in 15 affected by intradialytic hypertension and in 11 non-affected by intradialytic hypertension indicating no difference between the two groups. Regarding body mass index (BMI), 8 of the affected group and 10 of the non-affected group had a BMI of less than 25 kg/m 2 and 8 of the affected group and 3 of the non-affected group had a BMI of 25 kg/m 2 or more that was not different between the two groups (P = 0.13). The administration of erythropoietin did not differ significantly between the two groups with and without hypertension during dialysis (P = 0.1). Comparison of mean systolic and diastolic blood pressure and mean arterial pressure (MAP) in the affected and non-affected group showed that after dialysis, systolic and diastolic blood pressure and MAP increased significantly. In the control group, the mean systolic, diastolic blood pressure and MAP after the third dialysis decreased significantly ( Table 5 ). The mean heart rate decreased significantly after the first (P = 0.001), third (P < 0.001) and fourth (P < 0.001) dialysis session in the intradialytic hypertension group and adversely increased in the second dialysis session (P = 0.006). Plasma levels of hematocrit and renin increased significantly in intradialytic hypertension group after dialysis than before. In the group with intradialytic hypertension, the mean of sodium and potassium levels after dialysis did not change significantly as compared to before dialysis. In control group, the mean heart rate significantly lowered after the first (P = 0.008), second (P = 0.025), third (P = 0.016) and fourth (P < 0.001) sessions of dialysis. In this group, the mean of sodium and potassium after dialysis did not change compared to predialysis time (P = .6 and P = 0.4 respectively), but the mean of potassium significantly decreased (P = 0.003). Plasma renin activity decreased significantly in the control group after dialysis than before dialysis (P < 0.001). Hematocrit significantly increased in the control group after dialysis than before dialysis (P = 0.02) ( Table 6 ).
Discussion
Raising blood pressure, lowering blood pressure and muscle cramps are acute complications of dialysis, which causes serious problems for such patients. Meanwhile, lowering blood pressure is more common and its mechanism is somewhat known. However the mechanism for increasing blood pressure is not yet clear (1). In our study, 88 patients under hemodialysis who had inclusion criteria were studied that 17 (19.3%) had hypertension during dialysis. The same number of non-hypertensive patients who were similar in age and gender were selected as control group. Demographic and para-clinical characteristics of patients including age, weight, height, body mass index, profile lipid and dose of erythropoietin used in the two groups of patients with and without hypertension during dialysis were not significantly different. There was no significant difference in blood pressure before and after first, second, third and fourth dialysis sessions in both patients with and without hypertension during dialysis. Additionally, heart rate, dialysis duration and ultrafiltration of patients, serum Na and K electrolytes, plasma renin and hematocrit of patients was not significantly different before and after four dialysis stages in both groups of patients with and without hypertension during dialysis. The frequency of elevated blood pressure ≥10 mm Hg in four dialysis stages, did not differ significantly between the two groups with and without hypertension during dialysis, but the mean increase in arterial blood pressure ≥15 mm Hg, at least in one dialysis stage, were significantly higher in patients with hypertension during dialysis (P < 0.001). The most common underlying disease in the two groups was diabetes mellitus, followed by hypertension. The mean of systolic and diastolic blood pressure increased significantly in the group suffered raised blood pressure within dialysis and also after the fourth session of dialysis, but adversely, the mean of systolic and diastolic blood pressures decreased significantly in the control group after the fourth session of dialysis.
As an important result, the frequency of IDH in our study was 19.3%. Amerling et al (2) in a cohort study in dialysis patients reported IDH in 8% of patients. In the study by Dorhout (5) , this phenomenon occurred in 5% to 15% of patients. Inrig et al, in his large cohort study found IHD in 12.2% of patients (6) indicating an overall high rate of IDH in our observation. Ultrafiltration increases the activity of renin-angiotensin system (RAS), which leads to excessive stimulation of renin and the production of angiotensin II. Patients with kidney failure often have no problems with the functioning of the RAS system and increase renin levels in response to it. Increases in renin are most commonly found in people with high levels of renin (13, 14) . However, renin's response to ultrafiltration is already unknown but unmatched in all dialysis patients (5). In our study, the distribution of antihypertensive drugs, including ACEI, was not significantly different between the two groups with and without intradialytic hypertension. Additionally, in our study, the plasma renin activity in the intradialytic hypertension group increased significantly after dialysis compared to pre-dialysis time, but in the control group significantly decreased after dialysis compared to predialysis. The findings of this study are in line with an interventional study by Bazato et al, which has suggested the role of plasma renin activity (4), however, it was contrary to the results of the study by Chou et al (15) . An intervention study looked at whether the treatment with ACEI reduces hypertension during dialysis. In this study, the researchers examined six patients with a clear increase in blood pressure during hemodialysis, of which plasma renin activity increased in four of the six patients. Intake of 50 mg of captopril at the start of the hemodialysis session controlled the blood pressure in people whose plasma renin activity increased or not increased. These findings deeply challenged they study by Chou et al (15) . They evaluated the hormonal and biochemical status of 30 hemodialysis patients with IDH compared to 30 hemodialysis patients without IDH as the control group before and after dialysis sessions. Antihypertensive drugs stopped for at least 2 weeks. Except for the mean level of arterial blood pressure (MAP), which was higher in the IDH group, there was no significant difference in other parameters between the two groups. In the study of Chou et al (15) plasma renin and norepinephrine levels increased in the control group during the session, but did not change in the IDH group. The lack of plasma renin elevation in IDH patients may question the effectiveness of captopril in blocking the increase in BP during the dialysis session in the study by Bazato et al (4) . In our study, the mean sodium potassium levels did not change after dialysis compared to pre-dialysis in the intradialytic hypertension group. In the control group, the mean sodium (P = 0.6) did not change after dialysis, but the mean of potassium decreased significantly. In Chou et al study (15) , there was no significant difference between IDH and control group in potassium changes after dialysis and it decreased compared to pre-dialysis in both. In some studies, a positive balance of sodium in extracellular fluid overload and hypertension in dialysis patients is the main mechanism (16, 17) . Sodium also seems to play a major role in IDH. In hemodialysis patients, when sodium intake is eliminated more during dialysis, the sodium balance is positive. Therefore, in many dialysis patients, a low-salt diet should be recommended (18) . In our study, there was no significant difference in the proportion of erythropoietin administered in both groups of patients with and without hypertension during dialysis. The mean dose of erythropoietin in the group suffered hypertension was higher than that of the non-hypertensive group during dialysis, but was not statistically significant. Some studies have indicated that the prevalence of hypertension in dialysis patients increased by 20%-30% after the extensive use of synthetic erythropoietin. Several potential mechanisms have been mentioned to justify it including increased hematocrit level and resistance to peripheral arteries. Neff et al (19) reported that blood transfusions to a dialysis patient during a 6 to 12 week period for hematocrit of 50 led to increased peripheral vascular resistance, with a significant increase in blood pressure and a decrease in cardiac output. Patients treated with erythropoietin and high hematocrit have similar hemodynamic responses, although dialysis patients may have a change in self-regulated response to increased (20, 21) . However, Chou et al (15) do not support this hypothesis. It is important to be cautious before removing the effect of erythropoietin in IDH, since it has been reported that erythropoietin stimulates endothelin synthesis (22) . In our study, the hematocrit level increased in intradialytic hypertension group and control group after dialysis compared to pre-dialysis. Furthermore, the mean of hematocrit before and after dialysis was similar in the two groups. Some studies introduced increasing hematocrit level effective in inducing hypertension during dialysis (19) (20) (21) .
Mean heart rate decreased significantly in intradialytic hypertension group after first, third and fourth sessions of dialysis, and then increased in the second dialysis session. Mean heart rate decreased significantly in the control group after the first, second, third and fourth dialysis. Therefore, in both groups, the decrease in heart rate was detected. Chou et al (15) also reported the changes in heart rate in both groups, which is consistent with our study.
Conclusion
In this study, plasma renin activity in the intradialytic hypertension group increased during dialysis and after dialysis compared to pre-dialysis, while in control group it decreased after dialysis compared to pre-dialysis. There was no change in sodium in both groups and potassium in the IHD group, but in the control group, the mean potassium significantly decreased after the dialysis. Hematocrit increased in both groups. Heart rate decreased in both groups. There were no differences in the dose of erythropoietin in the two groups. Therefore, the changes in plasma renin activity in the two groups were the most significant which could be used as a predictive factor.
